Exercise has been shown to improve cognitive function in many clinical populations. However, there is not a standard exercise prescription for improving cognition among adults. The purpose of this study was to assess the feasibility of standardizing an exercise prescription for cognitive improvement, without reducing fitness benefits of exercise. Healthy women were assigned to a moderately intense floor/step aerobics (FSA; n = 8), treadmill walking (TMW; n = 9), or stretching (STR; n = 10) intervention for 7 weeks. Cognition and fitness were assessed pre-, mid-, and post-intervention. FSA participants experienced a significantly reduced time to complete the Trail Making Test-A compared to those in TMW or STR (P = 0.016). In conclusion, participation in FSA may result in greater cognitive gains than does participation in TMW, while still providing fitness benefits. For women desiring to improve their cognition and fitness, prescription of moderately intense FSA for 150 minutes each week should be considered.
Introduction
 Participation in exercise has been shown to slow or prevent age-related cognitive decline in numerous studies. A recent study utilized a 6-month intervention for 28 patients with risk factors for cognitive dysfunction [1] . Those who participated in the aerobic exercise intervention displayed significant cognitive improvement on tests of executive function compared to those in the stretching/balance control group (Trail Making Test-B: P = 0.04; Task Switching: P = 0.03; Stroop: P = 0.04). Another study demonstrated that a 12-week combined aerobic and strength intervention can significantly improve executive function in a small sample of chronic stroke survivors when measured with the Digit Span Backward test (P = 0.05) [2] . It is evident from recent research that participation in regular exercise can enhance cognitive function in a variety of clinical populations.
A specific exercise prescription for cognitive improvement, in terms of frequency, intensity, time, and type, has not been established by national organizations. However, there are a few studies that provide insight into exercise programming for cognitive improvement.
Frequency
It has been demonstrated that 3 days of aerobic exercise per week was sufficient to significantly improve self-reported memory in a study of 138 older adults with reported impairments (P = 0.04) [3] . In another study of 96 older adults with normal Mini-Mental State Exam scores, 2 days of exercise per week was sufficient to significantly improve processing speed and executive function when compared to a standard care group (Trail Making Test-A and B: P < 0.001) [4] . Therefore, an intervention that occurs 2-3 days per week may enhance a variety of cognitive domains in older adults. Published literature does not indicate whether increased exercise frequency has any additional cognitive benefits.
Intensity
Cognition has been shown to improve following an D DAVID PUBLISHING exercise intervention using a variety of workout intensities [4] [5] [6] . However, researchers have theorized that cognitive changes follow an inverted U-shaped curve based on exercise intensity, meaning that cognition improves to the greatest extent at moderate intensities, and to a lesser extent at high and low intensities [7] . Therefore, some evidence exists for the benefit of using a moderately intense exercise program.
Time
Several researchers have shown that participation in 45-60 minutes of continuous aerobic exercise can improve cognition [3, 4, 6] . Researchers recruited 21 participants and demonstrated that just 30-minute sessions of aerobic exercise is sufficient to reduce the rate of cognitive decline on the Mini-Mental State Exam in nursing home residents with Alzheimer's disease when compared to a control group (exercise = 13% decline; control = 47% decline) [5] . This indicates that shorter, more frequent exercise sessions are also beneficial for cognitive health. Workout duration should correspond to workout frequency, so that weekly exercise time of at least 150 minutes is accomplished, which is the minimum exercise volume recommended by the American College of Sports Medicine (ACSM) [8] .
Type
Published literature provides little evidence as to which type of exercise is likely to have the greatest impact on cognition. The aforementioned studies primarily utilized Tai Chi [4] and walking [3, 5] , showing each to be effective, but none compared different modalities when evaluating improvement in cognition.
Most researchers utilize treadmill walking (TMW) or cycling modalities, but few study the cognitive impact of floor/step aerobics (FSA). One group recently reported that step aerobics can improve functional fitness in elderly women, but it is unknown whether this modality also improves cognition in this population [9] . However, a study of 13 older adults, demonstrated that inclusion of a cognitive stimulus during exercise results in significantly greater cognitive improvements than does listening to music while exercising (P = 0.05) [10] . Since FSA involves rapid responses to oral cues, varied movement patterns, and nearly continuous cognitive stimuli, it is proposed that participation in this modality might result in greater cognitive improvement than would participation in an exercise modality that does not involve as many cognitive processes [10] .
Since FSA has not been used abundantly in research studies, and it is currently unknown what impact this modality has on cognition, the primary purpose of this study was to determine whether FSA should be recommended to women who desire to improve their cognitive function and aerobic fitness simultaneously.
We hypothesized that women who participated in FSA would exhibit greater cognitive improvements than would those who participated in TMW classes. A secondary purpose of this study was to determine whether the FSA modality provides fitness benefits comparable to TMW. If frequency, intensity, and time of exercise are held constant, we hypothesized that there would be an equal improvement in fitness between the two aerobic exercise modalities. Advertising materials were distributed to nearby businesses within a 5-minute walking distance from the research lab. An email was also sent to two large employers in Spokane, which was to be distributed to their employees.
Materials and Methods

Recruitment
Participants
Inclusion criteria comprised being female and not meeting the ACSM aerobic activity guidelines [8] .
Participants were also required to be at "low" or "moderate" risk for adverse events during exercise, as defined by ACSM [8] .
Forty-nine women were informed of the procedures for testing and training, and voluntarily signed an informed consent form. The mean age of the women was 48.0 ± 12.6 years and mean education was 15.8 ± 2.7 years (mean ± standard deviation). There were no statistically significant differences in assessed subject characteristics among intervention groups (Table 1 ).
Intervention
Participants were assigned to a TMW, FSA, or stretching (STR) intervention group based on class time preference. STR was selected as a non-aerobic exercise group to control for improved cognitive scores due to practice effects. Participants underwent seven weeks of exercise training at Washington State University Spokane during the summer. Classes were 50 minutes long and occurred on Mondays, Wednesdays, and Thursdays. Participants were instructed to exercise at a moderate intensity, which was confirmed using 64%-74% of age-predicted maximal heart rate (APMHR), calculated from 220-age and measured with pulse oximetry. Reported ratings of perceived exertion (RPE) from 12-13 on Borg's 6-20 scale were also used to confirm moderate intensity. TMW classes began with 25 minutes of rapid walking, followed by 20 minutes of slower walking at a grade. FSA classes began with 25 minutes of floor aerobics, followed by 20 minutes of step aerobics. Each routine included four 32-count blocks with a variety of upper body and lower body movement patterns. Either a new floor routine or a new step routine was introduced every day, while the other remained the same as the previous day. This allowed participants to have one familiar routine and one new routine each day. Cueing was provided as needed to assist participants in successfully learning the routines. All FSA classes were taught by the same instructor throughout the duration of the study, so cueing remained consistent. Since FSA classes require use of music to maintain the tempo, background music was also played during TMW and STR classes to reduce intergroup variability. All classes contained 5 minutes of warm-up and cool-down.
Data Collection
Participants completed pre-testing (T1: Week -1), mid-testing (T2: Week 4), and post-testing (T3: Week 8) for cognitive function and cardiorespiratory fitness.
An objective cognitive assessment battery was used as a surrogate marker of improvement due to infeasibility of clinical brain function measurements. The cognitive test battery selected consisted of standard tests to assess all primary cognitive domains. The Trail Making Tests A and B (TMT-A and TMT-B) were selected to assess attention, processing speed, and executive function [11, 12] . The Rey Auditory Verbal Learning Test (RAVLT) was chosen to assess verbal learning and memory [12, 13] . Different word lists were selected for T1, T2, and T3. Per standard protocol, participants were given five immediate recall trials, an interference list, a short-term recall task, and a delayed recall task. Verbal fluency was assessed using the Controlled Oral Word Association Test (COWAT)-FAS [12] . Digit Span Forward (DSF) and Digit Span Backward (DSB) were chosen to assess short-term memory and working memory. Finally, participants completed the North American Adult Reading Test (NAART) as a control for pre-morbid function [12, 14] . [15, 16] to predict cardiorespiratory fitness levels (VO 2 ) at all three time-points. Once participants self-selected their walking speed at T1, they were required to use that speed for T2 and T3 testing, so the only test variable was exercising heart rate (HR). This submaximal assessment was used as a surrogate prediction of maximal oxygen uptake because actual measurement would have been impractical in terms of cost and participant compliance.
Statistical Analyses
The effect of exercise on cognitive function varies greatly depending on the condition of the participant, the exercise intervention, and the assessment used, among other factors. It has been reported that exercise can have an effect size of 0.3 in certain scenarios [17] .
Based on this effect size and a power of 0.80, it was determined that 25 participants were needed for this study.
Repeated measures ANOVA (SPSS 23) with
Bonferroni's post hoc analysis was used to compare the interaction effects of time and intervention group on fitness and cognitive outcomes. Results were considered significant if the P-value was < 0.05.
Reported P-values are those of the interaction effect of group and time, which indicates whether group assignment affected the level of change over time.
Results and Analysis
Sixty-eight eligible women contacted the researchers regarding study participation. Forty-nine women completed baseline testing, 33 completed mid-term testing, and 27 completed post-testing.
Additional details regarding attrition are shown in Fig. 1 .
Cognition
TMT-A and B: There were no significant between-group differences at T1 (TMT-A: P = 0.409; TMT-B: P = 0.844). The intervention resulted in a significant interaction between group and time on education adjusted scores for the TMT-A test (P = 0.016, partial eta squared = 0.237, observed power = 0.812), indicating significant improvements in attention and processing speed from FSA when compared to TMW and STR (Fig. 2) . There was also a trend toward an interaction between group and time on education-adjusted TMT-B scores (P = 0.301, partial Attrition due to work (n = 2), no further contact (n = 3).
Attrition due to work (n = 4), health (n = 2), family health (n = 2), transportation (n = 1), no further contact (n = 2).
Attrition due to work (n = 2), health (n = 3), family health (n = 1).D Digit Span Tests: T1 differences (DSF: P = 0.526; DSB: P = 0.702) and effects of exercise training and modality on DSF (P = 0.794, partial eta squared = 0.035, observed power = 0.138) and DSB (P = 0.740 with Greenhouse-Geisser correction, partial eta squared = 0.082, observed power = 0.299) were found to not be significant.
COWAT-FAS: Groups were similar at T1 (P = 0.878) and there were no significant interaction effects of exercise modality over time on education-adjusted verbal fluency scaled scores when compared between the three groups (P = 0.251, partial eta squared = 0.108, observed power = 0.399).
NAART: Although there were no T1 differences between groups (P = 0.495), contrary to what was expected, there was an interaction between group and time on NAART scores (P = 0.045, partial eta squared = 0.195, observed power = 0.695). Since it is unlikely that pre-morbid intelligence was affected by exercise modality, the results are attributed to administrator error.
Fitness
When assessed using predicted maximal VO 2 from the Ebbeling treadmill test, there was no difference between groups at T1 (P = 0.959). There was no evidence of fitness improvements from seven weeks of regular participation in FSA, TMW, or STR (P = 0.520 with Greenhouse-Geisser correction, partial eta squared = 0.064, observed power = 0.192).
Fitness was also assessed by exercise HR at a given intensity during the Ebbeling test (T1: P = 0.427). Although this analysis did not show significant interaction effects (P = 0.218, partial eta squared = 0.107, observed power = 0.430), there was a clear visual trend toward fitness improvements in FSA and TMW, but not in STR, as shown in Fig. 4. 
Discussion
The primary purpose of this study was to determine the feasibility of utilizing FSA as a prescribed aerobic exercise intervention to improve cognitive function and cardiorespiratory fitness in healthy women, as a pilot study for future work with breast cancer survivors.
Cognition
Previous studies have shown that walking interventions can improve cognition [1, 3, 5] , but have not studied how FSA impacts cognition. Results of this study demonstrate that seven weeks of FSA, performed three days per week, is sufficient to improve attention and processing speed to a significantly greater extent relative to participation in the same exercise volume on a treadmill. The FSA modality requires participants to quickly decipher commands to alter their movement patterns; TMW is a repetitive modality that does not require many cognitive processes comparatively. Researchers previously reported that having cognitive stimulation while exercising improves cognition more than does exercising without stimuli [10] . Frequent changing of cognitive stimuli is likely associated with the improvement in TMT-A scores among FSA participants.
It was anticipated that executive function and short-term memory would also improve following an exercise intervention. The multi-tasking ability and memory required for successfully completing FSA should improve these related brain functioning processes. However, factors that contributed to the failure to demonstrate significant benefits to executive function and short-term memory may include the following: the intervention was not long enough in duration, the routines were not adequate to stimulate these cognitive improvements, the assessments were not sensitive enough to detect cognitive changes, and/or the study was under-powered.
Fitness
Theoretically, any moderately intense exercise intervention should improve cardiorespiratory fitness. However, the equation for predicting maximal VO 2 from Ebbeling test results did not demonstrate substantial fitness improvements, because exercising HR is included as a factor in both an addend and a subtrahend. Treadmill speed was held constant from T1 to T3, as an attempt to reduce variability, but may have invalidated the test since it is validated at a "self-selected" speed and participants were not allowed to select their speed after T1. As their fitness improved, they likely would have selected a faster speed, which would have resulted in a higher VO 2 max calculation. Fortunately, it was still possible to assess fitness changes with exercise modality. As cardiorespiratory fitness increases, heart rate at a given intensity will be lower. A similarly designed post-testing protocol was used in a previously published study [18] . In this study, the results demonstrated improved fitness, based on exercising HR at a given intensity, following an exercise intervention. Based on our results, in which HR decreased at the same treadmill speed from T1 to T3, there was similar trend toward improvement in fitness between the FSA and TMW groups. The slightly greater improvement in TMW was likely due to the Ebbeling treadmill test replicating the TMW intervention.
Limitations
Limited staffing prevented the researchers from being blinded to exercise interventions. Those who taught exercise classes also conducted pre-, mid-, and post-testing, introducing the possibility of administrator bias. In addition, the staff, while trained and prepared, were inexperienced at administering cognitive tests. As they gained more experience, they may have subconsciously altered their scoring methods. As mentioned previously, this could have invalidated the NAART results because that assessment is scored subjectively. All other cognitive assessments that were used are scored objectively (time to completion, length of number series recalled, number of words recited, etc.), reducing the negative impact of inexperience on validity of administration. Another limitation to this study was attrition. Nearly half of those who were tested at T1 dropped out before T3. Due to the high attrition rate, in future studies we recommend an incentive for participants after completion of post-testing. Finally, APMHR has a relatively high degree of inaccuracy, limiting its usefulness in confirming adherence to prescribed exercise intensity. RPE is also limited in usefulness due to its subjectivity. However, dual-confirmation of moderate intensity utilizing these two methods enhances validity.
Conclusions
FSA is an acceptable modality for improving cognition and fitness among healthy adult middle-aged to elderly women. By assessing HR at least twice per session, participants were generally able to remain within a moderately intense exercise range. FSA classes are relatively easy to modify for either increased or decreased intensity needs without singling out participants who have lower fitness levels.
The FSA exercise modality results in greater cognitive improvement than does TMW. Changes in cognitive test results, with regard to exercise modality, were significant on the TMT-A and trended towards significance on the TMT-B. This information is particularly critical when working with older women, those concerned about age-related cognitive decline, and those at increased risk for cognitive dysfunction.
Future studies of similar design should include a non-exercise control group, as opposed to STR, to further establish the cognitive benefits of aerobic exercise modalities. A longer intervention, greater class frequency, and/or higher exercise intensity might elicit greater cognitive benefits than were reported here. More research is needed in this field to solidly determine an exercise prescription to improve cognition and fitness simultaneously.
